We make a Monte Carlo study on compositeness of first generation quarks and leptons using the Drell-Yan distribution in the high dielectron mass region at the Tevatron and LHC energies. The current experimental lower limits on the compositeness scale, Λ, vary from 2.5 to 6.1 TeV. In the present analysis, we assume that there will be no deviation of the dielectron mass spectrum from Standard Model prediction at center of mass energy 2 TeV (Tevatron) and 14 TeV (LHC). We then find that in the LL, RR, RL and LR chirality channels of the quark-electron currents, it is possible to extend the lower limits on Λ (at 95% CL) to a range of 6 to 10 TeV for 2 fb −1 and 9 to 19 TeV for 30 fb −1 of integrated luminosity at Tevatron. At LHC, the corresponding limits extend to a range of 16 to 25 TeV for 10 fb −1 and 20 to 36 TeV for 100 fb −1 of integrated luminosity.
The proliferation of quarks and leptons has inspired the speculation that they could be composite structures, i.e. bound states of more fundamental constituents often called preons [1] . Below a characteristic energy scale called the compositeness scale, Λ, the preon-binding interaction becomes strong and binds the constituents to form composite states like the quarks and leptons. With such a composite structure, there would be significant deviation from the Standard Model (SM) prediction of high energy cross sections. No such deviation has been observed so far. These null results have been used to put lower limits on quark-lepton compositeness scale Λ. which varies from 2.5 to 6.1 TeV [2] in the various chirality channels of the quark-lepton currents.
In this paper, we consider the effects of composite structure of first generation quarks and leptons on the Drell-Yan (DY) process→ e + e − [3] . If the compositeness scale, Λ, is much greater than √ŝ , the center of mass energy of the colliding partons, the quarks and electrons would appear to be point-like. The substructure coupling can then be approximated by a four-fermion contact interaction giving rise to the following effective lagrangian 1 [1] :
where
is the left-handed quark doublet. u R and d R are the right-handed quark singlets. e L and e R are the leftand right-handed electrons respectively. The compositeness scale (Λ) is chosen so that g 2 0 4π = 1 and the largest | η ij |= 1, where g 0 is the coupling constant for the contact interaction and η ij is the interference term between the contact interaction and the SM lagrangian for the ij th channel, with i and j representing the helicities of the quark and the lepton currents. Including the above contact interaction (at Λ >> √ŝ ), the DY cross section gets transformed as [4] :
where β = 1/Λ 2 and m is the dielectron invariant mass. In this expression, I is due to the interference of DY and 1 Here we have assumed that the contact interaction is color singlet and weak-isoscalar.
the contact term, and C is the pure contact term contribution to the cross-section. The deviation in the dielectron production from SM expectations would be dominant in the high mass region above the Z pole. We have made separate studies for quark-electron compositeness for an integrated luminosity of 2 f b −1 (Run II) and 30 f b −1 (TEV33) with respect to the DØ detector at Tevatron and an integrated luminosity of 10 f b −1 and 100 f b −1 with respect to the CMS detector at LHC. However the results should be valid for the CDF detector at Tevatron and the ATLAS detector at LHC as well. We have simulated dielectron production through DY process alone in pp (pp) collisions at center of mass energy, √ s, equal to 2 TeV (14 TeV) using PYTHIA [5] . However since PYTHIA does not incorporate all the compositeness models, we have used a separate parton level Monte Carlo program to estimate dielectron production rates in the presence of compositeness. Assuming that the Tevatron and LHC data on dielectron production are consistent with DY predictions under SM, we extract limits on compositeness scale using Bayesian technique of statistical inference [6, 7] . We have considered four different models corresponding to the LL, RR, RL and LR chirality channels of equation 0.1 for quark-electron compositeness. The choice of η ij for the different models of compositeness is listed in Table I . 
Exploring the lower limits on Λ at Tevatron
We simulate pp collisions using PYTHIA at 2 TeV and generate DY dielectron events between 95 GeV and 1.5 TeV of the dielectron invariant mass. The total number of dielectron events generated by PYTHIA, N gen , gives the expected number of background subtracted dielectron events, N DY , to be collected at Tevatron as :
where is the detection efficiency of the dielectron. The detection efficiency, , of the dielectron involves contribution from the following terms:
(a) Energy smearing, (b) Electron identification efficiency, 1 , and
The energy resolution of the electromagnetic calorimeter of the upgraded DØ detector is parameterized as :
where the constant term, C, and the stochastic term, a are taken to 2 % and 16 % respectively . We take the electron identification efficiency, 1 , for a single electron to be 85%. The identification efficiency for a dielectron is then 2 1 . The acceptance, 2 , of dielectron events in pp collisions is defined as the fraction of events in which the e + e − pair passes the fiducial and the kinematic cuts after taking into account the energy smearing. The fiducial and the kinematic cuts used are:
. This ensures that the dielectron event selected is in the active detector region.
• A kinematic cut of p T ≥ 25 GeV , where p T is the transverse momentum of the electron and the positron. This cut ensures an efficient trigger.
2
The dielectron detection efficiency, , is then :
We then generate the expected number of dielectron events, N Λ exp , in various mass bins including the effect of the composite structure of quarks and electrons for various values of Λ using the parton level Monte Carlo. We calculate the cross section (σ Λ ) for the production of dielectrons including terms from the contact interaction lagrangian of equation 0.1 with the SM lagrangian. The LO cross section calculation is corrected for higher order QCD effects using a K-factor of 1.22
3 . We checked the parton level MC calculation by comparing its prediction with that from PYTHIA for the Drell-Yan process. Both calculations agree to within a few percent as shown in Fig. 1 .
In order to obtain the lower limit on Λ, we then use the Bayesian technique to compare the Drell Yan dielectron mass distribution (ie., N DY ) in the high mass region with the expected dielectron mass distribution for various values of Λ (ie., N Λ exp ). Limits are obtained independently for each separate channel of the contact interaction lagrangian: LL, RR, RL and LR with η ij = ±1. 2 This cut is based on the DØ Run I analysis of DY data at 1.8
TeV [8] .
3 This K-factor is the ratio of the NNLO DY cross section to the LO DY cross section at 1.8 TeV [9, 10] . We consider the same value for the K-factor for DY + compositeness at 2 TeV.
FIG. 1. Dielectron invariant mass spectra between 80 GeV and 1.5 TeV for DY process at √ s = 2 T eV , as predicted by PYTHIA and as calculated using our parton level Monte Carlo. Since the effect of compositeness is most pronounced in the high dielectron mass region we consider 10 different mass bins of variable width between 120 GeV and 1.5 TeV. The expected number of events at the compositeness scale, Λ, in the k th mass bin is given as : 
where σ Λ,k is the cross section (including compositeness) for the k th mass bin and L is the integrated luminosity. The posterior probability for the compositeness scale to be Λ given the expected DY dielectron data distribution, d O , is:
where Z is the normalization constant.
exp ) is the likelihood function which follows a Poisson distribution for small N Λ,k exp : 
is the joint prior probability for the dielectron detection efficiency, k , the integrated luminosity, L, and the compositeness scale, Λ. Taking k , L and Λ to be independent,
The prior probabilities of detection efficiency, k , and integrated luminosity, L, are assumed to be Gaussian with their estimated value in each bin as the mean and corresponding error as the width of the Gaussian. The prior distribution P (Λ) is chosen to be uniform in 1/Λ 2 . This represents a prior essentially flat in cross section. The resulting posterior density P (Λ | d O ) peaks at 1/Λ 2 = 0 and falls off monotonically with increasing 1/Λ 2 . The 95% CL lower limit on Λ is defined by:
The values of efficiency, k , and the expected number of DY events, N k DY 4 , in individual mass bins are listed in Table II for an integrated luminosity of 2 f b −1 and 30 f b −1 . The expected 95% CL lower limits on Λ for the LL, RR, RL and LR helicity channels of the quark-electron currents for both constructive and destructive interference are listed in Table III and Table IV for 
Exploring the lower limits on Λ at LHC
We have made a similar analysis of the DY process including the effect of quark-electron compositeness at 4 N k DY is generated with a K-factor of 1.22 in PYTHIA. [9, 10] has been used as the NNLO correction factor. Fig. 4 shows the cross section versus the dielectron invariant mass, in the high mass region between 50 GeV and 2 TeV in the LL channel for different values of Λ for η ij = − 1 (constructive interference) and Fig. 5 shows the corresponding plot for η ij = + 1 (destructive interference).
We generated DY events in the dielectron mass range of 150 GeV to 2 TeV. We then compared the expected number of DY events, N DY , at √ s = 14 TeV with the expected number of dielectron events, N Λ exp , at various values of Λ in the mass range of 500 GeV to 2 TeV where the deviation from SM predictions due to the composite structure of quarks and electrons is most pronounced at LHC. The electron identification efficiency, 1 , is taken to be 95% [12] . The constant and stochastic terms in the energy resolution of the electromagnetic calorimeter of the CMS detector are taken to be [12] :
The fiducial and kinematic cuts selected are the same as for DØ. The values of k and N k DY 5 , in individual mass bins are listed in Table V for integrated luminosities of 10 f b −1 and 100 f b −1 . The expected 95% CL lower limits on Λ for the LL, RR, RL and LR helicity channels of quark-electron currents for both constructive and destructive interference are listed in Table VI and  Table VII Table VIII for η ij = − 1 and in Table IX for η ij = + 1.
Plots of the discovery limit versus the integrated luminosity for the various chirality channels are shown in Fig. 6 for η ij = − 1 and in Fig. 7 for η ij = + 1.
To conclude, we have performed a Monte Carlo study of the dielectron invariant mass spectrum (DY + compositeness) for pp collisions at 2 TeV and pp collisions at 14 TeV. We have considered the LL, RR, RL and LR chirality channels of the quark-electron currents. Assuming that Standard Model will describe the high mass DY dielectron data at 2 TeV and 14 TeV we have found that it is possible to extend the lower limits on the compositeness scale, Λ, from the existing limits.
• For pp collisions at Tevatron we have made separate studies for integrated luminosities of 2 f b of data with respect to the CDF detector at Tevatron [13] .
• For pp collisions at LHC we have considered dielectron data.
• We have also explored the discovery potential for quark-electron compositeness (defined as a deviation of 5σ from SM prediction) at LHC as a function of integrated luminosity. 
